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Abstract 
The need to reduce energy bills and the need for protection for the user has made 
the government of Spain develop new regulations that reinforce thermal isolation 
requirements. The adopted methodology for evaluating energy performance in 
buildings is based on informatics tools, where it is difficult to check the 
measures for improving energy efficiency work. The objective of this paper is to 
compare the current methodology for evaluating energy needed for cooling in 
Spain with the methodologies of some European countries. The research is based 
on applying those methodologies over a case study conducted on the 
Mediterranean coast of Spain (warm conditions), applying different U-limits and 
evaluating the obtained energy needed for cooling from each method. The results 
show that improving constructive solutions and increasing thermal isolation 
thickness in some cases do not offer the expected results as the energy needed for 
cooling raises especially in methodologies belonging to cold countries. 
Keywords:  U-limits, transmittance, EPBD, energy performance, cooling, 
isolation. 
1 Introduction 
The process for approving the Código Técnico de la Edificación (CTE – 
Technical Building Code) [1] and bringing it into force has, from a regulatory 
point of view, led to a very significant change in the sphere of the construction 
industry in Spain. The old prescriptive regulations have disappeared, giving way 
to performance-based texts. The old criteria and solutions have given way to 
minimum quality requirements whereby the designers or planners must indicate 
the most appropriate solution. The Documento Básico Ahorro de Energía (DB 
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HE – Basic Energy Saving Document) indicates for the first time a procedure for 
a full check on the energy performance of buildings, something that is a true 
novelty in Spain, which has to date only had a symbolic presence in projects.  
     The European Union’s (EU) requirement of adaptation to the Energy 
Performance of Buildings Directive (EPBD) [2] is what has motivated the 
Spanish Government to make the conditions that need to be complied with in the 
matter of energy savings in buildings more stringent. To date, the Government´s 
permissiveness had been justified by the favourable climatic conditions in a large 
part of the country and by the absence of energy demand for cooling.  
     The calculation of energy demand and obtaining the energy certification is 
proposed through two computer programs, LIDER and CALENER, recently 
updated into one unified program called LIDER-CALENER, which are 
characterised by being opaque and not very didactic. The characteristics of the 
process and the manner in which the building is positioned in the energy scale 
offers doubts as to the viability of the measures for encouraging the saving of 
energy [3]. 
     The proliferation of individual air-conditioning equipment in flats and houses 
and, therefore, the existence of an increase in the energy demand for cooling 
purposes, justify an analysis of the energy performance of buildings in summer. 
The approval of (EU) Regulation Nº 244/2012 [4], by which the investment in 
measures to promote the saving of energy needs to be justified, requires that a 
check be made on the viability of constructive improvements and on their 
repercussions on the energy performance of buildings both in winter and in 
summer. 
2 Motivation of the investigation 
The situation in Spain shows that the CTE has remained essentially unaltered 
since it was approved in 2006, although the DB HE was recently modified. In 
2013 the process of implementation of EPBD 2002/91/CE was deemed to have 
been finalised with the approval of the existing energy certification of buildings 
[5]. Both the methodology for the evaluation of the energy performance of 
buildings and the constructive demands required by the Government of Spain 
with regard to energy saving measures, transmittance factors amongst others, 
have remained unaltered for a long time. On the other hand, in Europe the speed 
of implementation of the EPBD has been greater, as has the increase in 
constructive demands aimed at improving the energy performance of buildings.  
     The difficulties found in the procedures for the evaluation of energy and 
energy certification in Spain, which cast doubt on the identification of factors 
such as design in the energy performance of buildings [6], justify a study into the 
evaluation of the impact of constructive improvements in the energy 
performance of buildings. The increase in energy demand in periods of cooling 
justify the election of this period of time, it also being of interest to position the 
aforementioned regulation within the spectrum of methodologies adopted by the 
remainder of countries in the European Union and to analyse the impact of said 
constructive improvements at the same time. 
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3 Methodology of the investigation 
A method of working is proposed that is based on the comparison of energy 
evaluation and certification material from amongst the procedures that are 
current in Spain and the methodologies in certain countries in the European 
Union, considered to be representative, through their application to a case study 
located in a place with a climate that generates the greatest energy demand in 
summer.  
     The successive application of the regulations is applied to a case that is the 
object of the study, varying the limits of the transmittance factor (U). The limits 
of the U-factor adopted in the comparison are as follows:  
- Those currently in use in Spain. 
- Those currently in use in countries whose regulations are being compared. 
- The optimum factors recommended by the European Insulation 
Manufacturers Association (EURIMA) [7]. 
     The successive application of the methodologies selected, with the variation 
in the limits of the transmittance factor and applied to the same case study, 
enables us to evaluate the following factors in a comparative manner:  
- The influence on the interchange of energy through the insulating material 
as a result of the increase in the requirements of the transmittance factor. 
- The percentage improvement of overall energy demand resulting from the 
variation of the interchange of energy through the insulating material.  
     The results of the investigation will enable the positioning of the Spanish 
regulations currently in force within the spectrum of the remainder of the 
regulations. In this way, we can find out the degree of objectivity in the matter of 
the calculation of the energy required for cooling purposes in the Spanish 
regulations, compared to that in the remainder of the countries. It will also be 
possible to establish the compared impact of the improvements in construction 
on the energy required for cooling purposes by the different methods. 
4 Selection of the representative methodologies from amongst 
those in use in EU countries 
The analysis of the methodologies for the evaluation and certification of energy 
performance of buildings in EU countries shows a great variety of situations, 
despite setting out from a common starting point and having as a guide the 
norms developed by the  European Committee for Standardisation (CEN) [8]. In 
some cases these situations are extremely complex, such as the case of Italy, 
where there are almost as many procedures as there are provinces and regions in 
the country.   
     The freedom that the EPBD grants each member country of the EU has 
generated the establishment of objective limits, such as the consumption of 
energy or CO2 emissions, or subjective ones, such as the comparison with an 
object building or with the average of buildings constructed at a particular time, 
in order to obtain the energy certification.  
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     From a political point of view, the intentions of the different governments are 
shown through two crucial factors for evaluating the performance of a building: 
the strengthening of factors that reduce the consumption of energy and the form 
in which the different methodologies give a weighting to the sources of energy 
once the overall demand of the building has been calculated. Likewise, it is 
possible to identify through the regulations the regime or season during which 
there is greatest demand, winter or summer, depending on the prevailing climate 
of the country.   
     From the analysis of the different methods it is possible to affirm that, in 
some climatic areas, the subjective type of conditioning factors have, in the 
process of implementing the EPBD, an importance similar to that of the 
conditions of a physical nature [9]. 
     Amongst the range of procedures that the different EU countries have adopted 
for the evaluation of the energy performance of buildings, we have opted to 
classify them on the basis of the following parameters:  
- Tradition in the development of methods for evaluating the energy 
performance of buildings and harmonisation with the regulations defined in 
the “Umbrella Document” [10]. 
- Degree of implementation of the EPBD.  
- Classification on the basis of the method of evaluation and certification. 
- Belonging to a climatic area. 
- Definition and evolution of the values of thermal transmittance.  
     The tradition in the definition of limits of energy demand originates in those 
countries in which the use of heating is made necessary by the harshness of the 
winters. Thus, in Europe we can identify a gradient from North to South whereby 
the Scandinavian countries are pioneers in this process, whereas the countries in 
the Mediterranean area are the last to adopt regulations to limit the consumption 
of energy in buildings. The hardening of the limits of the transmittance factor 
and the adoption of objective methods for classifying the consumption of energy 
follow the same pattern. It is the countries in the north and centre of Europe that 
periodically review the constructive limits and that adopt methods of 
certification that are easy to interpret, in comparison to what happens in southern 
Europe [11]. 
     Once all of the methodologies currently in use have been classified and 
analysed, those shown below have been selected as being representative and 
therefore objects of comparison with the methodology currently in use in Spain.   
4.1 Countries in the North of Europe 
4.1.1 Finland 
This was the first country to establish a building code. It has a prescriptive 
method for the calculation of energy demand that goes back to 1976 [12]. They 
have defined an absolute limit of Primary Energy in order to establish the energy 
rating. For the purposes of the calculation of the case study, use will be made of 
that which is set out in Finland’s Building Code [13] in its documents C3, D3 
and D5. 
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4.1.2 Denmark 
They published their first building code with constructive measures to improve 
the energy performance of buildings in 1961 [14], introducing a prescriptive 
method in 1976 for the calculation of energy demand. This is one of the few 
examples that uses an absolute limit for the energy certification and, in this case, 
they use Primary Energy as the parameter for establishing the energy rating. The 
methodology currently in use in Denmark is based on the Building Code [15] 
and on Regulation SBi 213 [16]. 
4.2 Countries in Central Europe 
4.2.1 Germany 
Since 1976 they have had a specific Law to limit the consumption of energy in 
buildings [17]. They have adopted a comparative fixed-reference method, using 
Primary Energy, Final Energy and CO2 emissions as the parameters for 
establishing the energy rating. The procedure is based on that which is indicated 
in Regulation EnEV 2009 [18] and in the regulatory series DIN V 18599:2007 
[19]. 
4.2.2 Holland 
This is one of the countries with a tradition in the energy certification of 
buildings that has taken longest to adapt to the EPBD, given that they had their 
own regulations that dealt with this matter [20]. They adopted a comparative 
fixed-reference method using a dimensionless factor that depends on the 
Consumption of Primary Energy and on the efficiency of the installations. For 
the calculation we will use that which is defined in the General Construction 
Code [21] and in the specific regulations: NEN 5128 [22], NEN 2916 [23], NEN 
7120 [24] and NVN 7125 [25]. 
4.3 Countries in the South of Europe 
4.3.1 Italy 
This is one of the countries that has taken longest to adapt to the EPBD due to 
the lack of commitment of the provinces and regions. This led the Central 
Government to publish regulations on a national level in 2010. They define a 
comparative fixed-reference method using Primary Energy, Final Energy and 
CO2 emissions as parameters for establishing the energy rating. For the 
calculation we will use National Regulation UNI TS 11300 [26]. 
4.3.2 Portugal 
They have had a prescriptive method since 2000. It defines a comparative fixed-
reference method, which uses Primary energy and CO2 emissions as parameters 
for establishing the energy rating. The limit is obtained by comparison with a 
building in which the consumption has been defined by the directives established 
by the Government. To carry out the calculation we will use that which is set out 
in Regulation RCCTE [27]. 
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5 Case study 
In order to carry out the present investigation we have taken as a reference an 
isolated residential building used as a collective dwelling block. It has a ground 
floor, three upper storeys and a basement used as a car park. This is considered 
to be a very common type of building in Spain and in the remainder of countries 
in Europe and could be considered to be representative of Spanish housing 
offered. The size of the dwellings, the number of rooms and the composition 
mean that they can be classed as a common standard for an average-size family 
in Spain. The location chosen is Alicante, in the south-east of Spain, on the 
Mediterranean coast, where the consumption of energy for cooling purposes is 
predominant. The definition of a specific place for the object of the case study is 
very important, as the influence has been demonstrated of the location in the 
process of evaluation of the energy performance of a building [28]. 
 
Figure 1: Floor plan and South elevation. 
 
     The building has façades looking in four directions and a normal level of 
exposure, as it is located in a residential neighbourhood surrounded by other 
buildings with similar characteristics. The building is turned 45º to geographical 
North which means that, with its location in Alicante, during the summer months 
all of the façades will receive natural sunlight at some time of the day. The 
surrounding land is flat and in the immediate vicinity there are no notable 
elements that will create direct or indirect shadows over the construction.  
     The building consists of 14 dwellings arranged as follows: 2 dwellings 
(Types A and B) on the ground floor and four dwellings per storey on the 3 
upper storeys (types A, B, C and D). The remainder of the ground floor is given 
over to porch or hallway space. As we have previously indicated, the building 
has a basement, which is used as a car park.  
     The dwellings are arranged around a central communications nucleus 
consisting of a stairwell, the lift and a central patio, which allows natural light 
and ventilation to get through to the inner rooms of the dwellings.   
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     The façades also have a design that can be considered to be common for this 
type of building in terms of the size of the apertures, the percentage of same with 
regard to the total surface area of the façade and its construction.  
     On a constructive level, it has multi-layer walls with exterior finishing 
consisting of a brick facing. In this case and given the incompatibility that this 
would present in other countries, it has been decided to provide continuity to the 
thermal insulation by the placing of a free-standing external sheet, a type that is 
rarely seen in the Mediterranean area, as opposed to the common type, being a 
sheet supported within the framework, which produces significant thermal 
bridges. The roof is flat, inverted and finished with stoneware paving. In both 
cases, the thermal insulation is extruded polystyrene. 
 
 
 
AC_FINISHING LAYERS  
AC-02_Finish layer Ceramic pave 
AC-03_ Finish layer Gravel 
AC-59_ Finish layer Polymeric concrete 
AC-121_ Finish layer Gypsum + paint 
AT_ISOLATIONS  
AT-01_Thermal and Acoustic 
Isolation Extruded Polystyrene 40 mm Type IV 
AT-13_Thermal Isolation Extruded Polystyrene 40 mm Type IV 
MA_FIXING MATERIAL  
MA-04_Fixing material Cement Mortar 1:6 thickness 20 mm 
FI_FIXING AND SEALING  
FI-12_Ellastic junction Silicon 
CE_LAYERS  
CE-10_Inner layer Double hollowed ceramic brick 11,5x7 cm 
 CE-15_External layer Perforated ceramic brick 11,5x9 cm 
 
ES_FRAME  
ES-01_Structure Reinforced concrete 
IM_MEMBRANES  
IM-34_Membrane EPDM 
CA_LAYERS  
CA-05_Separating layer Geotextile sheet polypropylene 150 g/m2 
CA-28_Impact isolation Termoimpact Tecnol 
CA-30_Junction Neoprene 
CA-47_Flattening Gravel 
CA-48_Bottom plate Reinforced cement  
FT_FALSE CEILING  
FT-05_Dry false ceiling Laminated gypsum-cellulosic board 15mm 
FT-10_False ceiling Fixed board 
FT-11_False ceiling frame Galvanized steel frame 
Figure 2: Constructive section and description of materials. 
 
     The surfaces of the shell of the case-study building that are in contact with the 
exterior atmosphere, considered in the calculation, are indicated in Table 1. For 
the calculation of the internal thermal gains we have taken into account the net 
habilitated area and the number of occupants (shown in Table 2). 
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Table 1:  Case study geometrical data. 
SURFACE [m2] 
Walls  North facade 
South 
facade 
East 
facade 
West 
facade TOTAL 
Opaque  223.97 211.84 202.87 205.53 844.21 
 Brick wall 223.97 211.84 202.87 205.53 – 
Huecos  42.28 56.77 49.35 59.04 207.43 
 Doors 19.66 31.63 25.20 34.89 – 
 Windows 22.62 25.14 24.15 24.15 – 
TOTAL  266.25 268.61 252.22 264.57 1051.64 
% HUECO  18.88% 26.80% 24.33% 28.73% 24.57% 
Roof  Pavement Gravel Patio   
  412.39 8.25 7.50  428.14 
Floor  Terrain External Non clim   
  426.49 158.04 162.90  747.43 
 
LENGTH [m] 
  North  South  East  West  TOTAL 
Thermal Bridges      
 Floor superior 23.20 21.92 24.72 24.72 94.56 
 Floor inferior 23.20 21.92 24.72 24.72 94.56 
 Lintel 25.20 33.00 33.00 33.00 124.20 
 Ledge 25.20 33.00 33.00 33.00 124.20 
 Floor edge 20.52 21.92 11.05 11.05 64.54 
TOTAL      502.06 
 
Table 2:  Inner heat loads calculation data. 
Use of the building Collective residential block 14 homes 
Net habilitated area 1,113’09  m2
Number of occupants 56 people 
6 Calculation of the thickness of the thermal insulation 
The characteristics of the climate on the Spanish Mediterranean coast would 
enable compliance with the limits of the transmittance factor established in the 
DB HE with a thermal insulation thickness of 40 mm.  
The application of the different transmittance factors adopted in the study, both 
those currently in use in the countries with representative methodologies and 
those recommended by EURIMA, propose insulation thicknesses that in some 
cases are far greater than those obtained by applying the limits to the 
transmittance factor currently in use in Spain.  
     Table 3 shows, according to the EU countries selected, the thermal insulation 
thicknesses obtained after applying the transmittance factor values adopted for 
the study. 
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Table 3:  U-limits and thermal isolation thicknesses. 
 Wall Roof Floor Windows 
 U AT U AT U AT U 
 W/m2K mm W/m2K mm W/m2K mm W/m2K 
Spain 0.51 40 0.54 40 0.66 40 2.90 
Spain EU 0.40 60 0.30 80 0.60 50 1.20 
Denmark 0.40 60 0.25 120 0.30 85 2.00 
Denmark Sp 0.51 40 0.54 40 0.66 40 2.90 
Denmark EU 0,13 250 0.10 300 0.20 150 1.00 
Finland 0.17 170 0.09 210 0.09 230 1.00 
Finland Sp 0.51 40 0.54 40 0.66 40 2.90 
Finland EU 0.15 200 0.12 250 0.20 150 1.00 
Germany 0.28 90 0.20 160 0.28 110 1.30 
Germany Sp 0.51 40 0.54 40 0.66 40 2.90 
Germany EU 0.13 250 0.10 300 0.20 150 1.00 
Italy 0.34 80 0.32 75 0.40 80 2.10 
Italy Sp 0.51 40 0.54 40 0.66 40 2.90 
Italy EU 0.40 60 0.30 80 0.60 50 1.20 
Netherlands 0.29 90 0.29 90 0.29 90 2.20 
Netherlands Sp 0.51 40 0.54 40 0.66 40 2.90 
Netherlands EU 0.13 250 0.10 300 0.20 150 1.00 
Portugal 1.60 0 1.00 10 1.00 20 3.20 
Portugal Sp 0.51 40 0.54 40 0.66 40 2.90 
Portugal EU 0.40 60 0.30 80 0.60 50 1.20 
 
7 Calculation of the energy demand for cooling purposes 
The calculation of the energy demand for cooling purposes is looked at in 
accordance with the considerations made by each of the methodologies selected. 
Amongst the methodologies selected we have found two methods, other than that 
currently in use in Spain, that are based on computer programs. These are in 
Holland and Denmark. The remainder offer the possibility of using either a 
computer program or spreadsheets. To carry out this study and in order to 
include the greatest possible number of possibilities, we have opted for selecting 
the procedures based on spreadsheets.  
     For the calculation of the energy demand for cooling purposes, the 
methodologies selected are based, with some qualifications, on the process 
indicated in EN ISO 13790 [29]. This is a method in which a sequential 
calculation is made of the different parameters of the energy performance of the 
building that is being evaluated. The energy required for cooling is obtained 
from the difference between the energy gains QC,gn and the energy losses QC,ht, 
weighted in accordance with the following formula: 
 
ChtCgngnCCnd QQQ    
 
The energy gains QC,gn are obtained from adding the internal gains QC,int and the 
gains through exposure to sunlight QC,sol according to the following formula: 
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solCgn QQQ  int  
 
The energy losses are related principally to the constructive quality of the shell 
and it is necessary to calculate the losses of energy through transmission QC,tr and 
the energy losses through ventilation QC,ve in accordance with the following 
formula: 
vetrhtC QQQ   
 
     The factor ηC,gn is a dimensionless correction factor resulting from the use of 
energy losses from cooling. 
     The results obtained from the application of the different methodologies to 
the case study are included in Table 4 below, the parameters being:   
QC,gn  Total energy gains (QC,int + QC,sol). 
QC,tr  Loss of heat by transmission through the shell. 
QC,tr+sol  Heat gains by transmission and solar radiation through doors and 
windows.  
QC,pt  Loss of heat by transmission through thermal bridges.  
QC,int  Internal heat gains. 
QC,nd  Net energy for cooling. 
Table 4:  Net energy for cooling. 
Concept QC,gn QC,tr QC, tr + sol QC,pt QC,int QCnd 
Country kWh/y kWh/y kWh/y kWh/y kWh/y kWh/y 
Spa co 48,141.43 13,179.63 16,670.45 1,600.21 13,830.89 18,496.29 
 sp – – – – – – 
 eu 48,058.01 12,847.46 16,902.31 1,125.47 14,269.01 18,352.25 
Den co 89,536.96 0.00 0.00 0,00 54,274.27 89,536.96 
 sp 89,536.96 0.00 0.00 0,00 54,274.27 89,536.96 
 eu 89,536.96 0.00 0.00 0,00 54,274.27 89,536.96 
Fin co 173,218.49 0.00 76,714.54 0,00 61,125.91 173,218.49 
 sp 173,218.49 0.00 76,714.54 0,00 61,125.91 173,218.49 
 eu 173,218.49 0.00 76,714.54 0,00 61,125.91 173,218.49 
Ger co 27,250.26 14,339.40 27,213.16 2,679.42 4,737.04 27,250.26 
 sp 56,128.41 40,166.79 56,091.31 4,188.25 7,787.80 56,128.41 
 eu 20,950.12 9,131.30 20,913.02 2,107.99 3,645.00 20,950.12 
Ned co 67,776.96 0.00 50,402.23 0.00 29,634.52 20,644.56 
 sp 73,291.36 0.00 55,916.64 0.00 29,634.52 20,318.19 
 eu 66,207.92 0.00 48,833.20 0.00 29,634.52 22,832.97 
Ita co 61,640.77 0.00 36,917.06 0.00 24,723.71 61,640.77 
 sp 61,640.77 0.00 36,917.06 0.00 24,723.71 61,640.77 
 eu 61,640.77 0.00 36,917.06 0.00 24,723.71 61,640.77 
Por co 25,126.79 1,767.56 7,242.08 0.00 13,036.51 25,126.79 
 sp 22,426.56 1,007.76 6,482.28 0.00 13,036.51 22,426.56 
 eu 21,503.12 404.57 5,879.09 0.00 13,036.51 21,503.12 
Spa = Spain; Den = Denmark; Fin = Finland; Ger = Germany; Ned = The Netherlands;  
Ita = Italy; Por = Portugal. 
co-current U-values in the country, sp-current U-values in Spain, eu–recommended  
U-values by Eurima. 
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     The application of the different methods in a compared manner enables us to 
state that those methodologies based on computer programs present limitations 
in terms of the information that they offer and the interpretation of the results. 
The LIDER program, in use in Spain, offers a percentage of energy efficiency 
for the building under study. This information is difficult to interpret and does 
not enable an evaluation of the impact of the measures for saving energy. It is in 
a second file that one can find specific data on the energy demand, losses and 
gains for the building under study. In the methodologies currently in use in 
Holland and Denmark, which also use computer programs, the quantity of 
information offered is greater; although, as in the case of Spain, the evaluation 
of the impact of the constructive improvements is complicated. However, the 
absence of information also affects methods based on spreadsheets. In Table 4, 
the factors shown as 0.00 correspond to factors that are not offered as a result 
once the process has finalised.   
     On the other hand, the freedom offered by the EPBD for the development of 
methodologies for the evaluation of the energy performance of buildings is 
reflected in the factors that each methodology considers for the calculation of the 
energy demand for cooling purposes. The differences found with regard to 
the quantity of energy demanded originate in the importance that each country 
gives to each of the factors considered in the process. Calculation temperatures, 
the influence of the infiltration of air and the precision with which the internal 
gains are calculated, are interpreted in a different manner according to the 
methodology considered.    
     The differences found are significant, in particular those results obtained upon 
calculating the energy gains using the methodologies currently in use in Finland, 
173,218.49 kWh/a and in Portugal, between 21,503.12 and 25,126.79 kWh/a. 
The reason can be found in the precision and quantity of factors considered in 
the calculation in the case of Finland, which in addition does not consider the 
shell, and the use of a table that depends on the number of occupants and 
the surface area, as well as considering the shell, in the case of Portugal.    
     With regard to internal gains, we can appreciate a similar performance in the 
results obtained from the methodologies of Denmark 54,274.27 kWh/a and 
Finland 61,125.91 kWh/a, Italy 24,723.71 and Holland 29,634.52 kWh/a 
and Spain 13,830.89 kWh/a and Portugal, 13,036.51 kWh/a, from which we can 
conclude that there are similarities in the results obtained according to the 
geographical location of the country in question. We should point out 
the different importance that each country grants to the amount of energy gained 
through the apertures in the shell, with values that go from 5,879.09 kWh/a in the 
case of the methodology in use in Portugal, with the transmittance factors 
recommended by Eurima, and 76,714.54 kWh/a in the case of the methodology 
in use in Finland.  
     Amongst the methods that have been analysed, there are examples that could 
be considered to be conservative, despite the fact that they penalise the overall 
energy performance of the building. The methodologies in use in Italy and 
Finland omit the loss of energy through the shell when calculating the net energy 
used for cooling purposes, taking into account only the internal gains and the 
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gains from radiation through apertures. Thus, if we compare the methodologies 
in use in Italy and Holland, the former shows net energy for cooling purposes 
amounting to 61,640.77 kWh/a, which coincides with the total energy gains. In 
the case of the latter, we get between 20,318.19 and 22,383.97 kWh/a with gains 
between 66,207.92 and 73,291.36 kWh/a. This situation means that increasing 
the requirements of the transmittance factor, which thereby implies an increase 
in the quality of the shell of the building and, amongst other factors, of the 
thickness of the thermal insulation, is not reflected in the energy performance of 
the building. It is necessary to clarify, despite the fact that it is not the object 
of this study, that in the methodologies of those countries where the 
aforementioned situation occurs, the energy required for cooling purposes is not 
considered when obtaining the energy certification. 
     We should point out, as can be seen in Figure 3, that in those countries where 
energy losses are considered in the calculation process, increasing the 
transmittance factor in façades leads to opposing performance in the result of the 
amount of energy for cooling purposes.  
     In the case of the methodology in use in Germany, reducing the transmittance 
factor from 0.51 to 0.13 W/m2k reduces the energy demand for cooling purposes 
from 56,128.41 to 20,950.12 kWh/a. The methodology in use in Portugal, which 
has the least demanding transmittance factor in the study group at 1.60 W/m2k, 
only reduces the amount of energy used for cooling purposes by 20%, despite 
increasing the requirements of the transmittance factor by 75%. 
     On the other hand, in the case of the methodology in use in Spain, increasing 
the requirements of the transmittance factor by 20% and therefore increasing the 
thickness of thermal insulation, hardly produces changes in the amount of energy 
for cooling purposes and even leads to an increase in same.  
     From an analysis of Figure 3 we can conclude from the relationship between 
the transmittance factors in façades, on axis Y, and the energy required for 
cooling purposes, on axis X, that it is the methodology in use in Germany that 
 
 
Figure 3: Relation between façade U-values and net cooling energy. 
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best enables us to appreciate an improvement in the shell of a building in the 
process of calculating the energy required for cooling. A reduction in 
the transmittance factor from 0.28 W/m2k (in use in Germany) to 0.13 W/m2k 
(recommended by Eurima) produces a reduction in the amount of energy 
required for cooling from 27,250.26 to 20,950.12 kWh/a. The increase in the 
transmittance factor to that in use in Spain, 0.51 W/m2k, produces an increase in 
the energy required for cooling of a similar percentage, up to 56,128.41 kWh/a.    
     In the same figure, the application of the variations in the transmittance factor 
to the methodologies in use in Spain, Holland and Portugal hardly produces 
changes in the amount of energy required for cooling purposes. This therefore 
creates doubt about the need for an improvement of the thermal shell of the 
building.  
     We can also see the performance of the methodologies that do not take into 
account energy losses through the shell in the calculation of the energy required 
for cooling. The results obtained from the application of the methodologies in 
use in Italy, Denmark and Finland offer the same amount of energy, despite 
significant variations being made to the transmittance factor. 
8 Conclusions 
The comparison applied to a case study of different methodologies for the 
evaluation of the energy performance of buildings shows the large amount of 
variables that have been adopted by the different EU countries during the process 
of implementation of the EPBD. 
     The variations in the energy demand shown by each of the methods are the 
result of the degree of precision and importance that each country gives to 
the different gains or losses of energy that can be considered in the calculation.   
     The methodologies adopted in some of the EU countries would create doubt 
as to the viability of an improvement of the shell from the point of view of 
reducing the energy demand for cooling purposes. An increase in the 
requirements of the transmittance factors, in some of the processes analysed, 
does not a priori produce improvements in the demand for energy for cooling the 
building, as the calculations do not take into account the gains or losses of 
energy that might be produced through the shell.  
     On the other hand, in those methodologies that do take into account for the 
purposes of the calculation the loss of energy through the shell, we see different 
energy performance. There are methodologies where increasing the requirements 
of the transmittance factors reduces the amount of energy needed for cooling, 
whereas in other methodologies the opposite occurs. The differences found in the 
evolution of the energy demand are the result of the need to find a balance in 
the thickness of the thermal insulation for summer and for winter. It would 
therefore be the prevailing climate in each country that would be the factor to 
consider for increasing or not the requirements of the transmittance factor and, 
therefore, the need for establishing or not constructive improvements in the shell 
of the building. 
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